The study aimed to establish effective nomograms for prediction of tumor regional recurrence and distant recurrence of papillary thyroid carcinoma (PTC) patients after partial or total thyroidectomy. These nomograms were based on a retrospective study on 1034 patients who underwent partial or total thyroidectomy for PTC. The predictive accuracy and discriminative ability of the nomograms were evaluated by the concordance index (C-index) and calibration curve. In addition, a validation cohort was included at the same institution.
Introduction
Papillary thyroid carcinoma (PTC) accounts for more than 80% of all thyroid malignancies that arise from thyroid follicular cells, and in a meta-analysis of 23 studies regarding the application of radioactive iodine (RAI) for PTC, the 10-year disease-specific mortality remained very low at about 1.7%. [1] However, although death rates for differentiated thyroid carcinoma (DTC) are low, tumor relapse rates are relatively high. [2] Therefore, in contrast to most other malignancies, where the endpoint is survival, the focus and endpoint of PTC should be recurrence. Disease relapse occurs in 2 important forms: regional recurrence (residual thyroid, lymph nodes, etc) and distant recurrence (lung, bone, brain, etc). Whereas disease relapse is evidence of biologically aggressive disease that may eventually be life-threatening, especially for distant recurrence, although they are distinctly uncommon compared with regional recurrence, which accounts for less than 10% of PTC disease relapse. [3] Despite relatively mild biological behavior and an excellent prognosis of PTC, and the fear on the part of patients and physicians alike that even tiny number of cancer was very worrisome and required intervention, it is urgent to establish a new method to uncover even miniscule amounts of patients with the potential to relapse during the course of compulsive postoperative disease evaluation and surveillance; consequently, liberal use of more extensive surgery, RAI therapy, or more stringent postoperative thyroid hormone suppressive therapy is required to ablate this modest disease. In recent years, multiple staging systems have been commonly used for thyroid cancer to predict the risk of death in patients with DTC, [4] such as metastases, age at diagnosis, completeness of resection, invasion, size of the tumor (MACIS) scoring system and American Joint Committee on Cancer (AJCC)/Union for International Cancer Control tumor, node, and metastasis (TNM) staging systems. However, none of the staging systems is designed to predict the risk of recurrence in DTC, [5] [6] [7] [8] which seems more important for PTC patients. So the American Thyroid Association (ATA) guidelines of the 2009 version proposed a 3-tiered risk-stratification system that classified patients as having high, intermediate, or low risk of recurrence. [9] High-risk patients had distant metastasis, incomplete tumor removal, gross extrathyroidal extension, or abnormally serum Tg values. Intermediate-risk patients demonstrated cervical lymph node metastasis, microscopic extrathyroidal extension, vessel invasion, iodine intake lesions in the neck outside the thyroid, or aggressive tumor pathological histology. Low-risk patients presented with intrathyroidal DTC with no sign of extrathyroidal extension, vessel invasion, or metastasis. However, the ATA initial risk-stratification system did not specifically address the risk of recurrence associated with family history, histological subtypes, multifocality, extent of vascular invasion, perineuronal invasion, or extent of metastatic lymph node involvement.
A nomogram is a graphical predictive tool that provides the overall probability of a specific outcome for an individual patient, [10] and it has been developed in the majority of cancer types. [11] [12] [13] It is more accurate for personalized prognostic prediction compared with the traditional staging systems for many cancers. Currently, it has been proposed as an alternative or even as a new standard. [14] [15] [16] However, to date, the application of nomogram for predicting disease-specific regional recurrence and distant recurrence of PTC is still uncommon. In this study, we constructed 2 prognostic nomograms from a primary cohort to predict the likelihood of regional recurrence and distant recurrence in patients with PTC after partial or total thyroidectomy, respectively, and validated the nomograms with validation cohort of PTC patients. To our knowledge, it has never been reported before.
Patients and methods

Dataset
A retrospective study was conducted on a primary cohort of patients who underwent partially or totally thyroidectomy for PTC between January 2000 and December 2009 at the Department of Head and Neck Cancer Center of Zhejiang Cancer Hospital. From January 2010 to December 2010, another group of consecutive patients who underwent partially or totally thyroidectomy for PTC in our hospital was prospectively studied, using the same exclusion and inclusion criteria. This group of patients formed the validation cohort of our study. Furthermore, this study was approved by the Ethics Committee of Zhejiang Cancer Hospital. Informed consent was obtained before surgery. The therapeutic strategies for patients with PTC were carried out according to the guidelines of Chinese Thyroid Association. [17] Histopathologic study of the resected specimens and evaluation of pathologic features were carried out by pathologists who specialize in thyroid pathology. The TNM stages of patients were determined according to the 2010 AJCC criteria. [18] All enrolled patients received postoperation follow-up. Regional recurrence was defined when suspicious lesions in residual thyroid, lymph node, and other less common regional sites were apparent on imaging, and confirmed by pathology after 6 months from the initial surgical treatment. Distant recurrence was defined when suspicious lesions in lung, bone, brain, and other less common sites were apparent on chest radiograph, and/or computed tomography (CT), and/or magnetic resonance imaging (MRI), and further confirmed by radioiodine scan and/or pathology. Regional recurrence-free survival (RRFS) and distant recurrence-free survival (DRFS) were defined as the interval between the first diagnosis to the first regional recurrence and distant recurrence from the disease, respectively. Patients not experiencing the endpoint above were censored at the last date of follow-up.
Statistical analysis
All variables in this study were transformed into categorical variables. Univariate analyses were used to select the potential risk factors, and multivariate analyses were performed by Cox proportional-hazards regression models, and stepwise regression method was used to define risk factors. The processes of Cox proportional-hazards regression models and nomograms formulation were completed by R version 3.3.1 (http://www.r-project. org) with the package rms. Concordance index (C-index) was used to measure the performance of the nomogram. The larger Cindex indicates the more accurate of the prognostic prediction. [19] In all of our analyses, P < .05 was considered as statistically significant.
Results
Clinicopathologic characteristics of patients
In the primary cohort, 1034 patients with PTC who received partial or total thyroidectomy during the study period met the inclusion criteria, and were entered into our study. For the validation cohort, we studied 335 consecutive patients. The clinicopathologic characteristics of patients are listed in Table 1 , and there were no significant differences in the clinicopathologic characteristics between the 2 cohorts of patients.
Prognosis of the primary cohort
The median follow-up time was 145.83 months (range 5.00-224.00 months), and the median time to regional recurrence was 140.22 months (range 5.00-223.00 months), and the postoperative 3 and 5-year RRFS rates were 94.87% and 92.75%, respectively. The median time to distant recurrence was 42.22 months (range 5.00-100.00 months), and the 3 and 5-year DRFS rates were 97.78% and 97.29%, respectively. At the time of diagnosis of the first regional or distant recurrence after partial or total thyroidectomy, 120 patients had regional recurrence: 28 patients had residual thyroid recurrence only; 59 patients had lymph node recurrence only; 26 patients had both residual thyroid and lymph node recurrence; and 7 patients had other less common sites of recurrence. Forty-six patients had distant recurrence: 37 patients had lung metastasis recurrence only; 2 patients had bone metastasis recurrence only; 1 patient had brain metastasis recurrence only; 4 patients had both lung and bone metastasis recurrence; and 2 patients had both lung and brain metastasis recurrence.
Construction of the nomograms
The results of the univariate analyses are showed in Table 2 . Multivariate analysis demonstrated that family history, maximal tumor diameter, capsular invasion, and lymph node staging were independent risk factors for RRFS (Table 2) , and family history, histological variants, capsular invasion, perineuronal invasion, and vascular invasion were independent risk factors for DRFS ( Table 2 ). The prognostic nomograms that integrated all significant independent factors for RRFS and DRFS in the The calibration plot for the probability of 3 and 5-year regional recurrence and distant recurrence after surgery showed a good agreement between the prediction by nomogram and actual observation (Fig. 2) .
Validation of the nomograms
In the validation cohort, the median follow-up time of patients was 71.00 months (range 6.00-78.00 months), and the median time to regional recurrence was 23.00 months (range 6.00-63.00 months), and the postoperative 3 and 5-year RRFS rates were 92.54% and 89.55%, respectively. The median time to distant recurrence was 23.00 months (range 9.00-70.00 months), and the 3 and 5-year DRFS rates were 97.61% and 96.43%, respectively. At the time of diagnosis of the first regional or distant recurrence after partial or total thyroidectomy, 36 patients had regional recurrence: 9 patients had residual thyroid recurrence only; 20 patients had lymph node recurrence only; 6 patients had both residual thyroid and lymph node recurrence; and 1 patient had other less common sites recurrence. Twelve patients had distant recurrence: 7 patients had lung metastasis Table 1 The demographics and clinicopathologic characteristics of patients with PTC. recurrence only; 1 patient had bone metastasis recurrence only; 1 patient had brain metastasis recurrence only; 2 patients had both lung and bone metastasis recurrence; and 1 patient had both lung and brain metastasis recurrence. The 2 nomograms displayed a C-index of 0.72 (95% CI 0.64-0.81) and 0.89 (95% CI 0.82-0.97), respectively, presenting a good calibration curve for predicting the 3 and 5-year rate of RRFS and DRFS (Fig. 3 ).
Discussion
Nomogram is 1 of statistical prediction models that has been developed and shown to be more favorable than the traditional staging systems, [14] primarily because of its ability to reduce statistical predictive models into a simple graphical representation that generates a numerical probability of a clinical event, such as recurrence or death, that is tailored to the individual patient. [20] Recently, some nomograms were developed and validated for predicting 10-year disease-specific death and recurrence in PTC, [21] [22] [23] [24] and a latest nomogram was developed by Lang et al. [24] In the study, factors included in the prognostic nomogram for predicting 10-year disease-specific death were age at diagnosis, extrathyroidal invasion, tumor size, nodal status, and distant metastases, and the prognostic nomogram for predicting recurrence from PTC including factors of sex, age at diagnosis, extrathyroidal invasion, lymphovascular invasion, tumor size, and nodal status. They had excellent discriminatory ability and accuracy in predicting 10-year disease-specific death and recurrence from PTC. However, these nomograms did not specifically address the risk of recurrence associated with family history, histological variants, and perineuronal invasion, and they also did not differentiate the 2 types of recurrences: regional recurrence and distant recurrence, and in some sense, they were completely different. Thus, we built 2 prognostic nomograms for PTC patients, to predict regional recurrence and distant recurrence, respectively. It has never been done previously.
Family history is defined as when the patient has 1 or more first-degree relatives diagnosed with PTC, which was a significant independent factor for both RRFS and DRFS in our study. Until now, whether or not patients with family history are more aggressive than patients without family history has not been thoroughly studied. In PTC, most, [17, [25] [26] [27] [28] but not all, [29] studies demonstrate that family history is associated with worse clinical outcomes. In addition, patients in the second generation may exhibit the "genetic anticipation" phenomenon, which demon- Table 2 Univariate and Multivariate Analysis of the Primary Cohort (n = 1034). strates a genetic disorder at an earlier age and worse prognosis in successive generations. [17, 27] Capsular invasion was another significant independent factor for both RRFS and DRFS in our study. Although capsular invasion is well known as a risk of poor outcomes for PTC, it is still important to differentiate the clinical significance of microscopic invasion of the thyroid capsule and macroscopic invasion of the surrounding structures. Because the risk of recurrence in patients with microscopic extrathyroidal extension ranges from 3% to 9%, [30] [31] [32] [33] [34] whereas the risk of recurrence associated with gross extrathyroidal extension ranges from 23% to 40%. [6, 30, [32] [33] [34] [35] However, there are also studies suggesting that presence of capsular invasion did not adversely influence biological behavior or prognosis of PTC. [36, 37] Interestingly, except for family history and capsule invasion, most factors were not significant for both RRFS and DRFS. For example, lymph node staging and maximal tumor diameter were only associated with RRFS, but not DRFS. Whereas histological variants, perineuronal invasion, and vascular invasion were only associated with DRFS, but not RRFS. It is crucial to stress that the identification of a risk factor of recurrence does not necessarily imply that more aggressive treatments (such as more radical surgery, radioiodine therapy, aggressive postoperative thyroid hormone suppressive therapy) will have a important impact on prognosis. Similarly, the absence of a clinicopathologic risk factor does not mean that more aggressive treatments are not indicated. The 2 new nomograms we developed are considered more practical and clinician-friendly because many of the clinicopathologic risk factors can be easily achieved, and these nomograms allow for a more individualized prediction of tumor outcome by utilizing multiple clinical variables. Thus, nomogram is a powerful clinical tool, which can be used to guide therapeutic intervention (additional therapies or a more conservative management approach) and follow-up management decisions such as the frequency and type of imaging and biochemical testing.
DRFS RRFS
In addition, this study has its own limitations: Firstly, although these 2 nomograms were based on competing risk analysis for the probability of postoperative regional recurrence and distant recurrence, it still lacks sufficient power to identify some true prognostic variables, and at present, we still cannot conclude that these 2 nomograms are absolutely specific for RRFS and DRFS. However, these 2 nomograms are relatively specific for RRFS and DRFS, because the C-indices of the nomogram in predicting regional recurrence were 0.72 (95% CI 0.70-0.75) and 0.72 (95% CI 0.64-0.81) in the primary and validation cohorts, and the C-indices of the nomogram in predicting distant recurrence were 0.83 (95% CI 0.79-0.87) and 0.89 (95% CI 0.82-0.97) in the primary and validation cohorts, presenting a good calibration curve for predicting the 3 and 5-year rate of RRFS and DRFS (Figs. 2 and 3) . Secondly, these nomograms were purely based on clinicopathologic factors, perhaps adding some sensitive parameters for thyroid function, such as postsurgical thyroid-stimulating hormone and thyroglobulin, and/or the mutational status of BRAF, and potentially other mutations such as TERT into these nomograms may further improve discrimination and accuracy. Finally, these 2 nomograms were established based on data obtained from a single institution in China, and whether these nomograms can be applied to PTC patients from other sources remains to be tested in future studies.
Conclusions
In conclusion, these nomograms, as proposed in this study, objectively and accurately predicted 3 and 5-year regional recurrence and distant recurrence from PTC. The nomograms demonstrate that PTC patients with family history, a higher lymph node staging, capsule invasion, and larger tumor diameter have a higher risk of developing regional recurrence; and PTC patients with family history, nonclassical PTC histological variants, caspsule invasion, perineuronal invasion, and vascular invasion have a higher risk of developing distant recurrence. Additional studies are required to determine whether it can be applied to an external cohort, and with progress, models with higher specificity and accuracy than our nomograms may be established in the future.
